The species Treponema pallidum includes three subspecies (pallidum, pertenue, and endemicum) that cause syphilis, yaws, and bejel, respectively. A closely related species, Treponema paraluiscuniculi, is the etiologic agent of venereal syphilis in rabbits but does not infect humans. Although these treponemes cause distinct diseases, no laboratory method for differentiation has been reported. Genetic signatures were defined in the 5 and 3 flanking regions of the 15-kDa lipoprotein gene (tpp15) that distinguish the human pathogens and T. paraluiscuniculi, as well as distinguishing T. pallidum subsp. pallidum from the causes of human nonvenereal treponematoses. A single Eco47III restriction site in the 5 flanking region differentiates T. pallidum subsp. pallidum from the other subspecies and species, and an XcmI site in the 3 flanking region differentiates T. paraluiscuniculi from the human pathogens. Polymerase chain reaction methods and restriction polymorphism were used to analyze 27 strains of pathogenic Treponema species.
Members of the genus Treponema produce distinct diseases
isms, but none has been shown to be useful for species or subspecies differentiation [5, 6] . A single base difference was in humans and in animal hosts. In humans, Treponema pallidum subsp. pallidum (T. p. pallidum) is the etiologic agent of vene-identified by Noordhoek et al. [7] in the tpf-1 gene of several strains of T. p. pallidum and T. p. pertenue, although this real syphilis; T. pallidum subsp. pertenue (T. p. pertenue) and T. pallidum subsp. endemicum (T. p. endemicum) also infect difference was not consistent when 10 strains (4 T. p. pallidum and 6 T. p. pertenue) were examined. Walker et al. [8] men-humans, producing yaws and bejel, respectively. While syphilis is transmitted sexually and can affect the fetus and central tioned a two-nucleotide difference in the 16S rRNA genes of T. p. pallidum and T. p. pertenue, although the location of these nervous system, yaws and bejel are transmitted by nonsexual contact, usually during childhood, and do not appear to cross differences was not given and multiple strains were not tested for consistency. the placenta or the blood-brain barrier. In rabbits, naturally occurring venereal syphilis is produced by Treponema paralu-In this report, we have targeted the 5 and 3 flanking regions of the 15-kDa gene (tpp15), originally sequenced by Purcell iscuniculi, but this organism is noninfectious for humans [1] . These noncultivable organisms are morphologically identical et al. [9] . We sequenced these regions of several strains of T. p. pallidum, T. p. pertenue, T. p. endemicum, T. paraluiscuni-and cannot be differentiated by currently available laboratory methods. Infection with one subspecies is not cross-protective culi, and a poorly characterized simian Treponema isolate [10] , and we report genetic signatures for the treponemal species for other subspecies [2, 3], although no specific antigenic differences have been identified. and subspecies, with the development of culture-independent polymerase chain reaction (PCR) methods for their rapid differ-Early studies of DNA-DNA saturation dissociation kinetics indicated no differences in DNA composition between T. p. entiation. pallidum and T. p. pertenue, within the limitations of this method [4] . Several regions of the genome have been targeted for examination of potential differences between these organ-
Materials and Methods
Bacterial strains and DNA extraction. All treponemes were propagated in New Zealand White rabbits [11] , and DNA was The XcmI digests ( figure 2B) show the specific restriction patterns of the 15-kDa gene from the 3 isolates of T. paraluis-303 bp), while the amplicons from the remaining subspecies and species remain uncut. Similarly, XcmI digestion of the T. cuniculi (1 strain not shown), with two fragments of 932 and 257 bp. Amplicons from the other treponemes are not cut and paraluiscuniculi amplicon yields 932-bp and 257-bp fragments while not cutting amplicons from the human pathogens (see are detected as a single band of 1191 bp that corresponds to the intact whole 15-kDa gene amplicon. figure 1) .
To test the accuracy of this differentiation method, we analyzed 27 strains (table 1) This study reports a genetic signature in the 5 flanking region of the 15-kDa gene that can be used to differentiate T. treponeme, and 4 of T. paraluiscuniculi. The Eco47III digests ( figure 2A) show that all T. p. pallidum strains (lanes 1 -14, 2 p. pallidum from other treponemal species and subspecies. This is of particular importance for infected persons from areas in strains not shown) give the expected bands at 888 and 303 bp. For the group of non-syphilis treponemes, the 15-kDa gene which yaws and bejel are endemic and for evaluating immi- / 9d43$$ap26 02-11-98 21:34:27 jinfa UC: J Infect grants from such areas, because standard serologic diagnostic suggest that the simian treponeme is more closely related to T. p. pertenue than to T. p. pallidum [14, 15] . In this study, methods are unable to discriminate those infections from venereal syphilis. Further, a genetic signature in the 3 flanking we show that the restriction digests of this isolate are similar to those from the T. p. pertenue -T. p. endemicum group, sup-region differentiates the human pathogenic subspecies of T. pallidum from the rabbit pathogen T. paraluiscuniculi. Identi-porting its closer relationship with T. p. pertenue. Despite the important differences among the sequences de-fication of additional differences may help to determine specific virulence factors that are required for human infection.
scribed herein, the relative conservation of gene sequences among the various isolates of pathogenic treponemes is strik-The absolute identity of the sequences reported for T. p. pertenue and T. p. endemicum suggests that these subspecies ing. In examining nearly 1000 bp of untranslated regions flanking the 15-kDa gene of these different species, subspecies, may be more closely related to each other than to T. p. pallidum. This is consistent with their similar mode of transmission (non-and strains, we have found only 9 changes in the nucleotide sequence. We do not believe that this lack of diversity is pecu-sexual vs. sexual) and their reported inability to cross the placenta or the blood-brain barrier. It is not suggested that the liar to the tpp15 gene, because of the similar conservation of sequence in the ribosomal intergenic spacers of treponemes specific sequence changes identified here between T. p. pallidum and the non -sexually transmitted human pathogens are
[5], a region that is frequently a source of significant variation among strains of bacteria. The reasons for the lack of genetic directly responsible for differences in pathogenesis, but further examination of the two groups of human pathogens may reveal diversity are unclear but could include very recent genetic divergence, lack of systems of DNA transfer and recombina-the critical genes.
An earlier study showing a single base difference in the tpf-tion, lack of plasmid systems, lack of transposable elements, or a strong restriction system to protect against transfer of 1 gene [7] between T. p. pallidum and T. p. pertenue revealed two strains that were misidentified by use of the proposed tpf-foreign DNA. The same system that limits genetic diversity may account for T. pallidum's almost unique status as having 1 sequence difference. One of these, the SS-3 T. p. pallidum strain, looked like a yaws strain in that study. The restriction never developed or acquired resistance to penicillin, at a time when many other bacterial species are demonstrating b-lactam pattern of the 15-kDa gene region of this strain (Sea 81-4) in our study revealed it to have the appropriate T. p. pallidum resistance. pattern, confirming the T. p. pallidum identity.
The second strain that failed to follow Noordhoek's tpf-1
